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Introduction
Cross-country comparisons of subjective responses frequently appear in empirical studies. Direct comparisons may be misleading, however, due to country-specific response style. In order to correct for systematic differences in response scales across subpopulations, King et al. (2004) suggested the use of anchoring vignettes which permit identification of country-specific threshold parameters in ordered probit models. The method of anchoring vignettes has subsequently been applied to achieve valid crosscountry comparisons in various disciplines including political science (King et al., 2004) , medicine , work disability , job satisfaction (Kristensen and Johansson, 2008) , life satisfaction (Angelini et al., 2008) and notably health (see Bago d'Uva et al. (2008) and the references therein).
Since the seminal paper of King et al. (2004) , some attention has been devoted to methodological improvements of the vignette approach. For instance, Javaras and Ripley (2007) introduce a multidimensional model, which allows Likert type data to reflect not just attitudes but also response style. Hopkins and King (2008) focus on the importance of question ordering and wording within the vignettes framework.
In this paper, we seek to test one of the fundamental assumptions underlying the vignette approach. The validity of the vignette approach hinges on important assumptions including the assumption about "response consistency". Response consistency implies that individuals use the same response categories for their subjective assessment (e.g. of own health) as the categories used for the hypothetical scenarios presented to them in vignettes. 1 A violation of this could arise, for example, in settings where individuals overplay their own health problems because they have a financial incentive to report themselves ill for the purpose of gaining windfall disability benefits (e.g. Kerkhofs and Lindeboom, 1995) but do not face similar incentives when it comes to rating the health problems of the vignette person.
In this paper, we evaluate the use of the vignettes as a means to appropriately re-scale self-assessments and obtain valid cross-country comparisons. We seek to test whether response consistency is a tenable assumption. In order to do this, we use cross-country health data, which include self-assessment of health (self-reported work disability) and vignettes, but also an objective measure of health (measured hand grip strength). Including this objective measure allows us to free up the assumption of response consistency.
A similar approach was first suggested by van Soest et al. (2007) in a study of selfassessments of drinking behavior among students in Ireland. The method applied in this paper follows their approach, but our application has several advantages compared to van Soest et al (2007) .
Firstly, they use self-reported drinking as their objective measure and compare this to a self-assessment of how the respondent characterizes his or her drinking pattern over the last year. Self-reported drinking is at best semi-objective and bias can easily arise as a result of measurement error due to norms or social desirability (respondents report what is politically correct). Secondly, van Soest et al. (2007) only have two sub-populations: Irish and non-Irish students. However, it appears that the group of non-Irish students can be a blend of students from countries with higher levels than
Irish students for what constitutes, say, "severe drinking" and students from countries with lower levels of "severe drinking" than Irish students.
Our application avoids these potential shortcomings and it therefore seems natural to assume that it is better equipped to assess whether response consistency is a tenable assumption. By using data across eight countries, we seek to validate the vignette method using the type of application where it has been most predominant, namely within Health Economics. Hence, this paper may also be seen as a sensitivity check of the burgeoning literature that uses vignettes to perform valid cross-country comparisons of health.
We find that the model log likelihood improves considerably when we do not impose the response consistency assumption. Model comparisons using both the Akaike and the Bayesian information criterion support a specification not imposing response consistency and vignette corrected response scales. A robustness check using alternative objective and self-reported measures of health confirms the main results.
The paper is organized as follows. In the next section ,we very briefly describe the data set. Next, in Section 3, we present an extended version of the vignette Chopit model, which we name Ochopit (objective-extended Chopit). In Section 4, we present the main results and the sensitivity analysis results. Section 5 discusses the findings 4 and Section 6 concludes. An important feature of this study is to compare the self-reported health measure with an objective one. In order for this comparison to be valid, we mainly focus on self-2 SHARE contains information on a few respondents younger than 50 years of age. These spouses or partners of age-eligible respondents are omitted from the analysis. 3 The data from Belgium and France were collected in 2004/2005. [ Table 1 about here]. Figure 1 shows the age-sex standardized distributions of self-reported work disability across the eight countries, i.e. the health distribution if each country had the same age and sex distribution of individuals aged 50 and over (Juerges 2007) . Countries are ordered by the fraction of respondents who say they have either none or only a mild work impairment which limits the amount of work they can do. According to the self-reports, the healthiest respondents live in Greece and the Netherlands. The least healthy respondents live in Spain and Germany.
[ Figure 1 about here]. In order to identify two sets of threshold parameters, we need more information than self-assessments and answers to vignettes can provide. This is obtained by employing objective measures of hand grip strength.
Model for Subjective Self-Assessment The self-assessment measure of work disability (denoted Y si for respondent i self-assessment s) is based on answers to the following question:
Do you have any impairment or health problem that limits the kind or amount of work you can do? (1=none, 2=mild, 3=moderate, 4=severe, 5=extreme).
Relatively few reply "severe" or "extreme" so we combine these two categories with the "moderate" one and continue with three categories.
The subjective answer is assumed to reflect an underlying continuous latent measure of health but will also mirror individual thresholds and an error term that captures the 9 inherent noise related to subjective assessments. The model therefore becomes
X i includes a set of covariates describing the respondent and ξ si denotes the error term (including unobserved heterogeneity) assumed to be i.i.d. normally distributed with variance, σ 2 ξ .
The thresholds τ j si are modeled as
It is important to note that these response scales may differ across respondents, thus introducing Differential Item Functioning (DIF, King et al., 2004), i.e. the fact that there are differences in response scales.
Model for Vignettes
The vignettes describe hypothetical persons in specific situations that reveal aspects of the hypothetical person's health. The respondents are asked to rank these vignette-persons' health on a similar five point scale (also collapsed into three points). As the same vignettes are used across all countries, the answers can be used to re-scale to adjust for DIF (see Appendix A for the exact phrasing of the vignettes).
Answers to the vignettes are also modeled as an ordered latent variable and can be written as
θ l denotes vignette-specific parameters and ξ li denotes the error term (including unobserved heterogeneity) assumed to be i.i.d. normally distributed with variance, σ 2 ξ , normalized to 1.
Similarly, the thresholds τ j vi for each of the v vignettes, v=(1,2,3) are modeled as
response consistency would entail that
Equation 3 imposes the key assumption and it is the validity of this constraint we
seek to evaluate in this paper.
Model for Objective Measure Response consistency is normally necessary for identification but with the availability of an objective measure of general health (hand grip strength), we can allow γ j v = γ j s . 5 We categorize grip strength as an ordered variable so that we can model it as an ordered probit
where τ 0 o = −∞ and τ 3 o = ∞. Note that the objective thresholds are constant across individuals and are chosen as the gender-and age-specific quartiles across the empirical distribution of grip strength. The error term ξ oi is independent of X i and ξ li . 6 Again, following van Soest et al. (2007) we impose a one factor assumption which states that subjective and objective measures are driven by the same latent health (true health) process, i.e., that
It is assumed that (ξ oi , ξ si ) is bivariate normally distributed and hence we allow ξ oi to be correlated with ξ si . The one factor assumption is necessary for the objective measure to yield identification when RC is not imposed. It may appear questionable to throw away information by creating groupings of an otherwise continuous objective measure, and then use a statistical model to infer back to the "unobserved" continuous measure. The reason for grouping is that this enables us to impose the one factor 5 See Appendix B for details about how the test for hand grip strength was carried out. 6 In this case, we normalize both the variance of ξ si and the variance of ξ si to one.
assumption meaningfully whereas we would not be able to impose this, and obtain identification, if we applied a linear measure. In addition, it would also be a very difficult model to solve.
The question may be raised why, when a continuous objective measure of health is available, we need the vignette method. The answer here is that while grip strength is an objective measure, it is not a golden standard for the truth. Hence, combining the different sources of information seems well worthwhile.
The Combined Ochopit Model The likelihood for the combined model where both self-assessments, vignettes and the objective measure enter can be written as the product of a bivariate ordered probit for self-assessment and the objective measure and an ordered probit model for the vignettes.
The likelihood for the self-assessment and objective components reads
where Φ 2 is the bivariate standard normal cumulative distribution function, ρ is the correlation between error terms from the self-assessed and the objective measures and 13 the product is estimated over N individuals.
The likelihood component for the vignettes reads
The joint likelihood therefore becomes In the ordered probit model, i.e., without the DIF correction, the probability of reporting work disability is found to be significantly higher for the reference group, respondents aged 65 and higher, and decreases significantly with household income.
The probability of work disability is also higher at low levels of education vis-a-vis higher educational levels and lower for respondents who are employed at the date of the survey and who are living in urban areas. These parameters generally enter with expected and similar signs across all three sets of parameter estimates, although the Ochopit model yields insignificant parameters for "above average" education and the urban area indicator. We also note that height enters with a negative parameter estimate in all three models although with varying significance while weight generally enters with a positive parameter, with exception of the Ochopit model.
Women are found to be significantly more likely to report work disability. However, the DIF-corrected results imply that health is not significantly different between men and women (Chopit). When we correct for DIF and relax the response consistency assumption (Ochopit), we find that the female dummy is underestimated in the oprobit model since a higher initial threshold is used by women.
In the threshold equation we control for all the covariates included in the main equation. When response consistency is imposed, the "low education" dummy enters with a positive sign and significantly in the equation for the first threshold parameter, τ 1 . This means that according to the Chopit model, the lowest educated have a higher standard for what constitutes the second-lowest level of work disability compared to the lowest (as the issue is whether one is above or below the first threshold). For the other Chopit threshold-equation, education is not significant. This result appears counter-intuitive. Low educated generally have a higher tendency of manual work, and a small injury could therefore be expected to have a bigger impact on their work ability than a similar injury would have for high educated who generally have less physically demanding work. Indeed, when we relax the RC assumption we find the opposite result in the equations for the lowest threshold (τ 1 ), though the coefficients are not statistically significant (cf. the right-most column of Table 2 , lower panel). This is also true for the age variable. When we impose the RC assumption, we find that younger respondents have a higher initial threshold. This is at odds with the common finding that older respondents tend to have a milder view of their health, i.e. they tend to rate their health as better than otherwise comparable younger respondents (Groot, 2000; Van Doorslaer and Gerdtham, 2003) . This is not the case when we relax the RC assumption and impose the OF one, as the age dummies enter with a negative sign and significantly in the equation for the first threshold parameter.
The female indicator does not enter significantly in the Chopit model's threshold equations. This is consistent with the almost identical Ordered probit and Chopit parameter estimates for female in the main equation. In the Ochopit model, on the other hand, females were found to be more likely to be work-disabled and we should therefore expect the gender dummy to enter significantly in the threshold equations and to differ between vignettes and self-reported. Indeed, in the self-reported equation (τ 1 and τ 2 ), females are found to have a higher standard for when to cross these threshold limits for work disability.
The above results could indicate that the response consistency assumption is not very plausible in this application; an interpretation supported by the fact that most of the parameter estimates in the Ochopit vignette threshold-part differ greatly from their corresponding parameter estimates in the Ochopit self-reported threshold part.
A Wald test for equality of coefficients reveals that they are significantly different, cf. Table 3 .
As far as the country dummies are concerned, although they generally are significant in the threshold equation for the Chopit model ( Table 2 , the mid columns), the results reveal that the country ranking only differs very little between the Chopit model and the ordered probit model, cf. Table 4 . Testing for rank correlation (Kendall's tau),
we cannot reject that they have the same order. According to these country rankings, one of the healthiest countries is Greece while Germany is the least healthy. This is
at odds with what has been found in Juerges (2007) . Applying a generalized ordered probit model to the first release of SHARE, Juerges (2007) computes a cross-country comparable health index and according to this he finds that Germany (Greece) is the healthiest (least healthy) country.
When we relax the assumption of response consistency, the country rankings shuffle around much more, cf. the right-most column of Table 4 . We also find that a rank order test rejects equality of country rankings between the Ochopit country ranking and the two other models' country rankings. In addition, the country rankings obtained from the Ochopit model are more consistent with what has been found in Juerges (2007) .
The correlation coefficient between the error terms in the self-reported and the objective models is estimated to be about 0.3 and very significant. This is clearly smaller than the estimate of 0.6 found in van Soest et al. 
Sensitivity Analysis
This section briefly discusses i) the results obtained using the self-assessment and vignette question on mobility to examine the sensitivity of the main results to an alternative definition of health; and ii) the results when we relax the one factor assumption and impose response consistency.
As a sensitivity check, the specification now includes an objective measure of mobility (walking speed) instead of grip strength. 8 Walking speed, which declines rapidly with age, is an excellent measure of general mobility. In this case, the sample is relatively small, only about 500 observations in total, and the mean age is very high (almost 79 years), given the walking speed is available only for respondents aged 75 and over or respondents with self-reported mobility limitations. 9 We perform the analysis using this objective measure, despite this small sample size because the one factor assumption, which is a key assumption for the Ochopit model to be valid, seems most likely to hold when walking speed is used as the objective measure. 10 [ Tables 5, 6 and 7 about here].
As in the main analysis, we find that the country ranking differs very little between the Chopit model and the ordered probit model, but when we relax the response consistency assumption, the country ranking shuffles around much more. The results also confirm that the Ochopit model is significantly better than the Chopit and the Ochopit relaxing the one factor assumption according to AIC and BIC, so the response consistency would be rejected under the maintained assumption of one factor, which seems plausible in this case given that the correlation coefficient is estimated to be 0.40.
Next, we estimate the Ochopit model relaxing the one factor assumption and imposing the response consistency assumption. The results of this sensitivity exercise reveal that the log-likelihood is much higher for the initial version of the Ochopit model compared to the Ochopit log-likelihood where OF is substituted by RC. Again, this supports our approach. We discuss the choice of OF versus RC further in the following section.
Discussion

Economic Incentives for Misreporting?
The examples of disability and mobility above show that country rankings change when the response consistency assumption is relaxed. Our motivating example of when a violation of response consistency could potentially arise was if individuals from countries with social transfers were more likely to self-report disability (i.e. opportunistic behaviour). To test whether there is evidence of this type of behavior in our setting, we compare vignette to self-reported thresholds in terms of the estimated country threshold dummies in the Ochopit specification. Our objective is to see whether any consistent pattern emerges when comparing the welfare state countries to other countries.
From the results in Table 3 , it can been seen for the health measure of self-reported work-disability that relative to Italy, individuals in the northern European countries of Germany, the Netherlands, France and Belgium tend to use lower thresholds when assessing their own disability status than when judging the disability status of the vignette person. 11 Whereas, in Greece and Spain, the vignette person's health is not rated significantly higher than the respondent's own health relative to Italy. This result holds for all cases for the two thresholds estimated in Table 2 . Thus, it would seem that individuals in countries in which social expenditures are high relative to GDP tend to rate their own health below that of the vignette person. Although Sweden appears to be an exception to this rule, a possible explanation is the relative strictness with which vocational assessments are made in disability cases in Sweden compared to other 11 Social expenditures constitute at least one fifth of GDP in these countries (OECD, 2003) .
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SHARE countries (Börsch-Supan, 2007). On the other hand, in Tables 5 and 6 where we consider the more narrowly-defined health measure of self-reported mobility, and where the sample is confined to the oldest old, a group which is presumably not motivated by strategic considerations when reporting health, we hardly see any differences between welfare state countries and other countries in the relative health ratings. While individuals in Sweden and the Netherlands claim significantly less mobility than the vignette person, in Germany, France, Spain, Greece and Belgium, the vignette person is not ranked higher than individuals rank themselves. Strategic behavior, therefore, seems in part to underlie the country differences in the thresholds when the health measure is work disability, and where the sample consists of the working-age elderly.
Is OF any better than RC?
Is the cure any better than the disease here? This question arises since the validity of our approach here over the original (King et al., 2004 ) vignette approach entirely hinges on the substitution of one identifying assumption (RC) with another identifying assumption (OF). We have shown that the likelihood increases when we impose OF instead of RC but no formal test is available as the models are non-nested. As such, even though we have good arguments for why OF is more reasonable than RC, this is not definitely conclusive. An interesting future research agenda could be to compare how much bias plausible deviations from OF and RC, respectively, generate.
[ Figure 3 about here]. 
Conclusion
In this paper, we have investigated the validity of anchoring vignettes, which have been used to correct for systematic differences in response scales across individuals when answering questions on a subjective scale. Following the approach suggested by van Soest et al. (2007), we seek to test the validity of anchoring vignettes assessing whether the key identifying assumption of response consistency is a tenable assumption or not.
In order to do this, we use cross-country health data which include self-assessment of work disability and vignettes, but also an objective measure of health (measured handgrip strength). Including this objective measure allows us to free up the assumption of response consistency.
We find that the model log likelihood improves considerably when we do not impose the response consistency assumption. Model comparisons using both the Akaike and the Bayesian information criterion support a specification not imposing response consistency and vignette corrected response scales. A robustness check using an alternative objective and self-reported measures of health, i.e. walking speed and mobility, confirms the main result. We also find that a rank order test rejects equality of country rankings between the Ochopit country ranking and the two other models' country rankings.
Our results indicate that the assumption of RC is not innocuous and has important 23 implications for health policy. The results indicate that our extended model relaxing this assumption improves the fit and significantly changes the cross-country rankings of health vis-á-vis the standard Chopit model. We find this is in part due to strategic misreporting of work disability by the working-age elderly in welfare state nations.
Disentangling whether deviations from RC cause greater bias than deviations from OF is a question we leave for future research. In the analyses, we drop missing values and we categorize grip strength taking the age and gender specific quartiles across its empirical distribution.
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For the robustness check, we use walking speed. This is a measure of mobility and functioning of the lower limbs that strongly declines with age (available only for those 75 and over or respondents with self-reported mobility limitations). It is measured by a timed walk over a short distance (2.5m). Two measurements were made, of which we take the fastest.
Appendix C: Ochopit -imposing RC and relaxing OF Notes: **: significant at two-sided 5-percent level. Weighted results. Source: SHARE release 2.
